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(57) Abstract 

An induction heating system using a plurality of zones (7, 8, and 9) in a coil (1) provides selective heating control for better uniformity 
especially for semiconductor and other thin film processing applications. By arranging the zones (7, 8, and 9) to have different resonance 
frequencies, the power supply (20) may control the various zones (7, 8, and 9) by altering its frequency output. The power supply (20) 
may also act to control the differential heating by switching among zones in conjunction with the frequency control, by sweeping through 
a variety of frequencies, by simultaneously providing power over different frequencies, by altering the residence time at each frequency, or 
by outputting different powers to each frequency or the like. Each zone may thus be tuned as appropriate to achieve the desired induction 
heating characteristic. 
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FREQUENCY SELECTED, VARIABLE OUTPUT 
INDUCTOR HEATER SYSTEM AND METHOD 

Technical Field 

This invention relates to heating systems using high frequency energy to 
5 induce currents in objects to heat them directly or indirectly ("induction heating 
systems"). In particular it relates to heating systems for semiconductor processing 
equipment in which layers are formed on heated semiconductor wafers by Chemical 
Vapor Deposition. 

Equipment for the formation of layers, such as epitaxial silicon or polysilicon, 
10 on semiconductor wafers is well known. One of the problems in forming layers of 
materials on a semiconductor wafer is ensuring that the temperature of the 
semiconductor wafer is kept uniform across the wafer during the deposition process, 
i.e., during heat-up, processing, and cool-down. Since the deposition rate of a layer of 
material upon the wafer is dependent on the temperature of the wafer, any temperature 
1 5 variations between the center and edge of a wafer will undesirably result in the 

deposition of a layer of non-uniform thickness on the wafer. In addition, non-uniform 
temperatures during heat-up, processing, and cool-down can cause stress on the wafer, 
undesirably resulting in slip. Accordingly, it is important during the deposition of a 
layer of material on a silicon wafer to minimize temperature variations across the 
20 surface of the wafer. 

Some earlier systems developed to achieve temperature uniformity across a 
wafer teach applying heat in a uniform manner across all portions of a wafer. 
However, since heat loss is typically greater at the edge of a wafer than at the center, 
such earlier systems may result in significant temperature differences between the 
25 center and outer portions of the wafer and, thus, may be largely ineffective in 
minimizing temperature gradient across the surface of a wafer. 

Some more recent heating schemes employ lamp assemblies having heating 
lamps arranged in a plurality of independently controlled zones to allow differing 
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amounts of heat to be applied to the outer and center portions of the wafer. In this 
manner, variations of heat loss on a wafer can be compensated by applying differing 
amounts of heat to various portions of the wafer in order to achieve greater 
temperature uniformity across the wafer. Such techniques are typically able to 
5 maintain temperature differences of less than 10 °C across the wafer. 

The heating lamps employed in such multiple-zone heating assemblies may 
result in several disadvantages. Each of these lamps, which is typically of the 
tungsten halogen type, has a finite useful life and thus must be periodically replaced. 
The replacement of such lamps, as well as the periodic adjustment of the lamps due to 
10 their aging, not only increases manufacturing cost but also decreases the throughput of 
the chemical vapor deposition (CVD) system. 

Furthermore, the use of such heating lamps in a radiantly heated CVD system 
, undesirably requires periodically cleaning of the quartz walls of the reaction chamber 
to remove deposited material from the chamber walls. Recall that since the walls in a 

1 5 lamp heated CVD reaction chamber become heated, layers of material deposit not 
only on the wafer but also on the chamber walls. The resulting film formed on the 
chamber walls then absorbs some of the radiant energy emitted from the heating 
lamps and thereby locally increases the temperature of the chamber walls. As a result, 
layers of material deposit on the chamber walls at an ever increasing rate, creating a 

20 "snowball" effect. It is therefore critical, in a lamp heated CVD chamber, that the 

walls be kept meticulously clean. This requires that the walls be etched frequently, in 
some cases after every run. Cleaning the walls typically takes between two and four 
minutes after depositing an epitaxial layer, and longer after depositing a polysilicon 
layer. Since the entire cycle in warm wall CVD systems may be between five and ten 

25 minutes, cleaning the walls accounts for a significant portion of the total cycle time 
and, therefore, can severely reduce throughput of the CVD system. 
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Accordingly, it is desirable to provide a heating system for chemical vapor 
deposition systems which uniformly and precisely heats a semiconductor wafer 
without the above mentioned deficiencies. 

It is an object of the present invention, therefore, to permit control of the 
power delivered to each of a plurality of zones of an object to be heated by an 
induction heating system. 

It is a further object of the invention to allow delicate and precise control over 
the temperature profile of an object being heated by an induction heating system. 

It is another object of the invention to permit rapid temperature changes in an 
object being heated by an induction heating system while simultaneously maintaining 
the temperatures of a plurality of zones of said object in exact proportion to one 
another. 

It is yet a further object of the invention to permit rapid temperature changes in 
an object being heated by an induction heating system while simultaneously holding 
the temperatures of a plurality of zones of said object precisely equal. 

It is a further object of the present invention to maintain the temperatures of a 
plurality of zones of said object in exact proportion to one another as the object is 
cooled from a heated state. 

It is another object of the invention to permit rapid cooling of an object in an 
induction heating system while simultaneously maintaining the temperatures of a 
plurality of zones of said object in exact proportion to one another. 
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It is yet another object of the present invention to eliminate the need for high 
current switches in a multi-zone induction heating system. 



It is another object of the invention to permit the use of a single power supply 
in a multi-zone induction heating system. 

It is a further object of the invention to eliminate or greatly reduce the 
interaction between zones of a multi-zone induction heating system. 

It is yet a further object of the invention to obtain high power supply 
utilization in a multi-zone induction heating system. 

It is still a further object of the present invention to permit rapid heating of a 
semiconductor wafer or other single crystal object without "slip", or dislocation of the 
crystal lattice. 

Accordingly, one embodiment of the present invention is directed to a system 
for producing heating in an object such that precise control is possible of the energy 
deposited in a plurality of zones of the object to be heated through precise control of 
the power delivered to sections of a nearby induction coil which induces circulating 
currents in either the object to be heated or a susceptor placed in close proximity to 
the object to be heated. 

One embodiment accomplishes these objects by utilizing an induction coil 
split into sections (a "tapped" induction coil), and selecting resonating capacitors for 
each section such that the frequency of resonance is different for each section. A 
frequency agile power supply is connected to the coil and the frequency of the output 
of the power supply is switched from the resonance frequency for the first section to 
the resonance frequency of the second section, to the resonant frequency of the third 
section, and so on until power has been applied to all (or all desired) sections. 
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Brief Description of Drawings 

Figure 1 shows circulating current in a resonant circuit. 

Figure 2 shows a system involving switched power to a tapped coil. 

Figure 3 shows an alternative arrangement for a system involving switched 
5 power to a tapped coil. 

Figure 4 shows a frequency agile power supply system. 

Figure 5 shows a system with a multiple tapped coil configuration with 
switches. 

Mode(s) for Carrying Out the Invention 

10 In general, an induction heating system is comprised of a power supply, an 

induction coil, an object to be heated and, if necessary, a "susceptor" to absorb energy 
from the magnetic field of the coil and retransmit that energy to the object to be 
heated. The system operates on the principle of induction of circulating currents in 
the object to be heated or the susceptor, if present. Generally a susceptor is used if the 

15 object to be heated is not adequately conductive (and thus cannot support the induced 
heating currents) or would be damaged in some way by such currents. The currents 
required to obtain substantial heating in large objects or rapid heating of small objects 
are large. A coil carrying large currents creates a large magnetic field in its vicinity, 
and energy is stored in this field. While much of the field may be canceled by the 

20 induced current in the susceptor or object to be heated, there remains enough to store 
appreciable energy. This energy is represented electrically as inductance, and to 
create large currents in an inductor requires high voltages. The presence of high 
voltage and high current requires a great deal of power from the supply unless the 
energy represented by the magnetic field is stored elsewhere in the system when the 
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current collapses on each cycle of the current. If an electrical capacitance is placed in 
series or parallel with the coil, and the frequency of the alternating current is properly 
chosen, energy can be stored in the capacitance, and the power supply can be made 
much smaller than would be required without the capacitor. Thus it is typical for an 
5 induction heating system to be arranged so that the coil is "resonated" with a 

capacitor. That is, a capacitor is placed in series or parallel with a value such that the 
electrical circuit is resonant at the operating frequency of the power supply. Such an 
arrangement is shown in Figure 1. Here coil 1 has a capacitor 2 connected in parallel 
with it. Resistor 3 represents the equivalent resistor resulting from the energy loss in 

10 the heated body or susceptor and the coil and capacitor. Energy is stored alternatively 
in the coil and the capacitor, with the energy exchanging between the two twice every 
cycle of the alternating output of the power supply. This system permits the power 
supply to deliver only the losses of the resonant circuit, which are principally the 
energy lost in the object to be heated (or the susceptor, if present) and the coil itself, 

15 which is heated by the current flowing through it. Representing the "quality factor", 
or"Q",by 




where L is the inductance of the coil 1, R is the equivalent resistor 3, and 5) is the 
angular frequency, equal to 2 times pi times the frequency in Hz, the current 4 is Q 
20 times higher than the current 5, provided a resonant condition is established, by 

selecting the capacitance value C of the capacitor 2 in accordance with the formula 
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Typically the Q is about 10 for an induction heating system, and so the power supply 
need deliver only 1/10 of the circulating current. Said conversely, one can obtain coil 
currents easily 10 times the power supply current by this method. This "resonant" 
system is well known and has been used successfully for many years in induction 
5 heating applications, including semiconductor processing systems. 

In the present situation, it is desired to heat multiple areas of a susceptor in such' 
a way as to produce a high degree of temperature uniformity. To this end, a multiple 
coil is employed, i.e., a coil with electrical taps so that the currents in various portions 
of it can be made different. The different currents in the different sections of the coil 
10 may then induce different currents in physical zones of the susceptor or object to be 
heated, giving one the ability to deposit energy into those zones selectively and in 
precise amounts. A problem arises when such a system is made resonant, however, 
because of the mutual coupling of the various portions of the coil. 

When a current is induced in one section of a multiple section coil, a magnetic 
1 5 field is created by the current. The lines of this magnetic field will intercept the object 
to be heated and the susceptor if present, producing the desired circulating currents 
and resultant desired heating in the physical zone of the object to be heated or the 
susceptor associated with that section of the multiple section coil. These lines will 
also intersect the other portions of the coil, however, inducing currents in those other 
20 coil segments, and this will in turn create heating in unwanted physical zones of the 
object to be heated or the susceptor, if present. Because not all of the magnetic field 
lines intersect the other portions of the coil, the heating will be greatest in the desired 
zone (i.e., the zone associated with the driven portion of the coil), but the undesired 
heating in the other zones interferes with one's ability to control the temperature 
25 distribution precisely. As the object to be heated or the susceptor is moved further 
from the coil, the interaction between the various segments of the coil will increase 
and the ability to control the energy deposited in the various zones will deteriorate. 
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It might be practical to use electronic switches to switch a power supply from 
one tap of the coil to another to force the power supply current to flow only through 
the desired segment of the coil. In Figure 2 is shown a tapped coil with resonating 
capacitors and power supplies 17, 18 and 19 with switches. Assume switches 13 and 
5 14 are closed, connecting power supply 17 to coil section 7 of coil 1. Even if switches 
15 and 16 are open circuited, mutual coupling between coil sections 7 and 8 and also 
between coil sections 7 and 9, caused by the magnetic field lines of coil section 7 
cutting through the turns of coil sections 8 and 9 may create circulating currents in the 
coupled coil sections 8 and 9. These currents can flow because of the capacitors 11 

10 and 12 across those coil sections 8 and 9, which form a resonant loop with their 

respective coil section. While it is possible to move the switch locations to break the 
circulating currents induced in the undriven coil sections as shown in Figure 3, this 
means that the switches might now carry the full value of the circulating currents, 
which can be thousands of amperes due to the multiplying effect of the resonance as 

15 described above. Also, for practical reasons the capacitors may need to be located 
very close to the coil, to lower the inductance of the leads between the capacitors and 
the coils. If this is not done the large currents may cause high voltages to appear 
across the capacitors and losses to appear in local conducting surfaces due to the high 
magnetic fields surrounding the connecting leads. This may leave no space to mount 

20 the switching devices, even if such robust switches could be found. 

In instances in which the circuit of Figure 2 provides inadequate isolation of the 
sections and therefore inadequate control of the energy deposition in the object to be 
heated or the susceptor if present, and the circuit of Figure 3 requiring an impractical 
selection and location of semiconductor switches, an alternative approach may be 
25 needed. In this situation, what may be needed is a method of depositing energy 

selectively into separate sections of an induction heating coil, which method permits 
delicate control over the amounts of energy deposited into each section, while 
permitting rapid switching between the various sections of the coil, to permit overall 
delicate and precise control of the temperature of the object to be heated. 
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It is also possible to permit the deposition of precise amounts of energy into 
zones of a wafer using a multizone induction coil and "spot" temperature monitoring 
system. The multiple zone coil may involve several sections which must be 
separately powered to effect the transfer of precise amounts of energy to the various 
5 parts of the susceptor which in turn heats the wafer. The separate powering of these 
coil segments may, however, require a novel approach to power supply design for 
reasons discussed herein. 

In one embodiment, shown in Figure 4, coil 1 is segmented into sections 7, 8, 
and 9, by taps. Capacitors 10, 11, and 12, are placed in parallel with coil sections 7, 8, 
10 and 9 respectively, and a frequency agile power supply 20 is placed in parallel with 
the entire coil 1. The capacitor values of the capacitors 10, 11, and 12 are chosen so 
that they are resonant with coil sections 7, 8, and 9 at frequencies f|, f 2 , and f 3 , 
respectively. That is, the capacitance of capacitor 10 is chosen in accordance with the 
, formula 



15 



where L 7 is the inductance of coil section 7 and C 10 is the capacitance of 
capacitor 10. 

Capacitance values for capacitors 11 and 12 are chosen similarly so that coil 
section 8 and capacitor 11 are resonant at a frequency f 2 preferably different from f l9 
20 and so that coil section 9 and capacitor 12 are resonant at a frequency f 3 preferably 
different from f, and f 2 . Of course, more taps may be provided on the coil and or less 
more sections of said coil created thereby, and possibly each of these sections would 
be resonant at a different frequency. 
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With each of the sections of the coil 1 resonant at a different frequency, it is 
possible then to select the frequency of the power supply 20 at frequencies f,, f 2 , f 3 „ to 
excite currents in coil sections 7, 8, and 9 respectively. If the control system is so 
arranged it may be that the frequency of the power supply is cycled from f, to f 2 to f 3 
5 and back to fj in an continuous manner. Thus each coil segment is excited in turn, and 
energy selectively deposited in turn into the corresponding zones of the susceptor or 
object to be heated. 

There are at least several methods available in such an arrangement to control 
the power delivered to each of the zones relative to the rest. In one embodiment, the 

10 time the power supply rests at each frequency may be varied to determine the energy 
deposited in each zone on each cycle. In another embodiment, the power delivered by 
the power supply during the period the supply is resting at each frequency may be 
varied while the time during which the supply rests at any given frequency may be 
held constant. In yet another embodiment, the frequency of the power supply may be 

15 deviated from exact resonance to affect the circulating current in the resonant 
elements, while the power and the time for each zone is held constant. It will be 
obvious that such control methods may be combined, with the resting time of each 
step of a cycle, the power delivered during each step of the cycle, and the exact 
frequency generated at each step of a cycle all being varied as appropriate to obtain 

20 the desired energy (and therefore temperature) profile. 

It will be recognized by those skilled in the art that it may be desirable to 
maintain the frequency at each step such that the voltage and current of the power 
supply are nearly in phase with one another to prevent the necessity of delivering 
excess voltage or current from the power supply for a given amount of power. To the 
25 extent this is desirable in a given case the ability to control power by adjusting the 
frequency may be limited, and adjustment of the timing or power level of each step 
may be required to obtain the desired temperature or energy profile. 
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It is also possible to combine the approaches of Figure 2 and Figure 4. It will be 
recognized by those skilled in the art that there is a limit to the number of discrete 
frequency bands into which the frequency range of power supply 20 may be divided. 
This limit is established by the fact that the energy from the power supply is delivered 
to a resonant section of a small range of frequencies determined by the circuit "Q" as 
described above. As it is not possible or desirable to establish a circuit "Q" much 
higher than 10 or 20, and a section with a circuit "Q" of 10 will absorb energy in a 
band of frequencies roughly bounded by (1-1/Q)f;< f < (1+1/Q)f r , where f r is the 
resonant frequency of the section of the coil and its corresponding capacitor. Thus it 
may be necessary to separate the resonant frequencies of each of the coil sections by 
enough to prevent unwanted excitation of other sections with a resonant frequency 
adjacent to the driven section. 

Should the number of zones be large and the frequency range of the power 
. supply 20 be inadequate to cover all of the zones, it is possible to combine the 
approaches indicated by Figures 2 and 4. That is, as shown in Figure 5, it is possible 
to arrange two (or more) coils 21 and 22, each tapped in the manner of Figures 2 or 4, 
but separated by switches 23 and 24 from power supply 20 so that the power supply 
20 is connected to only one of the coils 21 or 22 at a time. This arrangement permits 
the use of a single frequency agile power supply with limited frequency range to 
control a plurality of zones with a high degree of precision. 
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Claims 



We claim: 



1 . A multizone induction heating system comprising: 



a. a coil system divided into a plurality of zones, at least two of said 
5 zones having an electrical resonance frequency, said resonance 

frequencies having at least two different values; 

b. a power supply having an output frequency; and 

c. a control system to control the power delivered to each of said 
zones comprising a control circuit to change said output frequency 

10 of said power supply. 



2. A multizone induction heating system as described in claim 1 wherein said 
coil system comprises a plurality of coils. 

3. A multizone induction heating system as described in claim 1 wherein said 
coil system comprises at least one coil divided into a plurality of sections. 

15 4. A multizone induction heating system as described in claim 2 or 3 wherein 

said control system further comprises a circuit to switch said output frequency 
among at least two operating frequencies. 

5. A multizone induction heating system as described in claim 4 wherein said 
control system further comprises a circuit to vary the output power of said 

20 power supply while said output frequency is switched among said operating 

frequencies. 

6. A multizone induction heating system as described in claim 4 wherein said 
control system further comprises a circuit to vary the residence times at each 
of said operating frequencies of said power supply. 

12 
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7. A multizone induction heating system as described in claim 2 or 3 wherein 
said control system further comprises a circuit to vary said output frequency 
continuously over a range of frequencies. 

8. A multizone induction heating system comprising: 

5 a. a coil system divided into a plurality of zones, at least two of said 

zones having an electrical resonance frequency, said resonance 
frequencies having at least two different values; 
b. a power supply having at least two simultaneously emitted output 
frequencies; 

10 c. a control system to control the power delivered to each of said zones 

wherein said at least two output frequencies are established to cause 
differentiated amounts of inductive heating by said zones. 

9. A multizone induction heating system as described in claim 8 wherein said 
coil system comprises a plurality of coils. 

15 10. A multizone induction heating system as described in claim 8 wherein said 
coil system comprises at least one coil divided into a plurality of sections. 

11. A multizone induction heating system as described in claim 8, 9 or 10 wherein 
at least one of said simultaneously emitted output frequencies operates at 
about the resonance frequency of one of said plurality of zones of said coil 

20 system. 

12. A multizone induction heating system as described in claim 8, 9, 10 or 1 1 
wherein at least one of said simultaneously emitted output frequencies 
operates at other than a resonance frequency of one any of said zones. 
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A multizone induction heating system as described in claim 8, 9, 10, 1 1 or 12 
wherein said control system to control the power delivered to each of said 
zones further comprises variable tuning circuitry configured to alter the 
amount of inductive heating caused by at least one of said zones. 

A multizone induction heating system comprising: 

a. a coil system divided into a plurality of zones, at least two of said 
zones having an electrical resonance frequency, said resonance 
frequencies having at least two different values; 

b. at least one power supply having at least one output frequency; and 

c. a control system to control the power delivered to each of said zones 
comprising unswitched resonant circuitry which establishes the 
resonance frequency of each of said zones and which establishes 
differentiated amounts of inductive heating by said zones. 

A multizone induction heating system as described in claim 14 wherein said 
coil system comprises a plurality of coils. 

A multizone induction heating system as described in claim 14 wherein said 
coil system comprises at least one coil divided into a plurality of sections. 

A multizone induction heating system as described in claim 14, 15 or 16 
wherein said output frequency operates at about the resonance frequency of 
one of said plurality of zones of said coil system. 

A multizone induction heating system as described in claim 14, 15, 16 or 17 
wherein said control system to control the power delivered to each of said 
zones further comprises variable tuning circuitry configured to alter the 
amount of inductive heating caused by at least one of said zones. 
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19. A multizone induction heating system as described in claim 14, 15, 16, 17 or 
18 wherein said unswitched resonant circuitry which establishes the resonance 
frequency of each of said zones comprises: 

a. a first group of unswitched resonant circuitry which establishes 
5 resonance frequencies of a first group of zones; and 

b. a second group of unswitched resonant circuitry which establishes 
resonance frequencies of a second group of zones; 

and wherein said control system further comprises switching circuitry which is 
configured to selectively provide power to each of said groups of unswitched 
10 resonant circuitries. 

20. A method of induction heating comprising the steps of: 

a. dividing a coil system into a plurality of zones; 

b. establishing at least two of said zones with different resonance 
frequencies; 

15 c. supplying power having an output frequency; 

d. adjusting said output frequency to control the power to said zones. 

21. A method of induction heating as described in claim 20 wherein said step of 
dividing a coil system into a plurality of zones comprises the step of dividing 
the coil system into a plurality of coils. 

20 22. A method of induction heating as described in claim 20 wherein said step of 
dividing a coil system into a plurality of zones comprises the step of dividing 
at least one coil of said coil system into a plurality of sections. 

23. A method of induction heating as described in claims 21 or 22 wherein said 
step of adjusting said output frequency further comprises the step of switching 
25 said output frequency among at least two output frequencies. 
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24. A method of induction heating as described in claim 23 wherein said step of 
switching further comprises the step of adjusting the power output of said 
power supply at each of said output frequencies. 

25. A method of induction heating as described in claim 23 wherein said step of 

5 switching further comprises the step of adjusting the residence times at each of 

said output frequencies. 

26. A method of induction heating as described in claims 21 or 22 wherein said 
step of adjusting said operating frequency comprises the step of varying said 
output frequency continuously over a range of frequencies. 

10 and said step of adjusting said operating frequency comprises the step of adjusting the 
output power of said power supply at each of said operating frequencies. 

27. A method of induction heating comprising the steps of: 

a. dividing a coil system into a plurality of zones; 

b. establishing at least two of said zones with different resonance 
15 frequencies; 

c. producing power having at least two simultaneously emitted output 
frequencies wherein said at least two simultaneously emitted output 
frequencies are established to cause differentiated amounts of inductive 
heating by said zones. 

20 28. A method of induction heating as described in claim 27 wherein said step of 
dividing a coil system into a plurality of zones comprises the step of dividing 
the coil system into a plurality of coils. 

29. A method of induction heating as described in claim 27 wherein said step of 
dividing a coil system into a plurality of zones comprises the step of dividing 
25 at least one coil of said coil system into a plurality of sections. 
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A method of induction heating as described in claim 27, 28, or 29 wherein said 
step of producing power having at least two simultaneously emitted output 
frequencies wherein said at least two simultaneously emitted output 
frequencies are established to cause differentiated amounts of inductive 
heating by said zones comprises the step of simultaneously emitting at least 
one output frequency which is at about the resonance frequency of one of at 
least one of said plurality of zones of said coil system. 

A method of induction heating as described in claim 27, 28, 29, or 30 wherein 
said step of producing power having at least two simultaneously emitted 
output frequencies wherein said at least two simultaneously emitted output 
frequencies are established to cause differentiated amounts of inductive 
heating by said zones comprises the step of simultaneously emitting at least 
one output frequency which is at other than a resonance frequency of any of 
said plurality of zones of said coil system. 

A method of induction heating as described in claim 27, 28, 29, 30, or 31 and 
further comprising the step of providing adjustable circuitry which alters the 
amount of inductive heating caused by at least one of said zones. 

A method of induction heating comprising the steps of: 

a. dividing a coil system into a plurality of zones; 

b. establishing at least two of said zones with different resonance 
frequencies; 

c. supplying power having an output frequency through unswitched 
resonant circuitry which establishes the resonance frequency of each of 
said zones and which establishes differentiated amounts of inductive 
heating by said zones. 
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34. A method of induction heating as described in claim 33 wherein said step of 
dividing a coil system into a plurality of zones comprises the step of dividing 
the coil system into a plurality of coils. 

35. A method of induction heating as described in claim 33 wherein said step of 
5 dividing a coil system into a plurality of zones comprises the step of dividing 

at least one coil of said coil system into a plurality of sections. 

36. A method of induction heating as described in claim 33, 34, or 35 wherein said 
step of supplying power having an output frequency through unswitched 
resonant circuitry which establishes the resonance frequency of each of said 

10 zones and which establishes differentiated amounts of inductive heating by 

said zones comprises the step of emitting an output frequency which is at 
about the resonance frequency of one of at least one of said plurality of zones 
of said coil system. 

37. A method of induction heating as described in claim 33, 34, 35, or 36 and 
15 further comprising the step of providing adjustable circuitry which alters the 

amount of inductive heating caused by at least one of said zones. 

38. A method of induction heating as described in claim 33, 34, 35, 36, or 37 
wherein said step of establishing at least two of said zones with different 
resonance frequencies comprises the steps of: 

20 a. establishing a first group of unswitched resonant circuitry which 

establishes resonance frequencies of a first group of zones; and 
b. establishing a second group of unswitched resonant circuitry which 

establishes resonance frequencies of a second group of zones; 
and further comprising the step of switching to selectively provide power to 
25 each of said groups of unswitched resonant circuitries. 
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39. A multizone induction heating system as described in claim 18 wherein said 
variable tuning circuitry comprises frequency switching circuitry. 



40. A method of induction heating as described in claim 32 or 37 wherein said 
step of providing adjustable circuitry comprises the step of providing 
frequency switching circuitry. 

41 . A multizone induction heating system as described in claim 13 or 1 8 wherein 
said variable tuning circuitry comprises multiple frequency circuitry. 

42. A method of induction heating as described in claim 32 or 37 wherein said 
step of providing adjustable circuitry comprises the step of providing multiple 
frequency circuitry. 

'43. A multizone induction heating system as described in claim 13 or 18 wherein 
said variable tuning circuitry comprises resonance frequency variation 
circuitry. 

44. A method of induction heating as described in claim 32 or 37 wherein said 
step of providing adjustable circuitry comprises the step of providing 
resonance frequency variation circuitry. 

45. A multizone induction heating system as described in claim 43 wherein said 
resonance frequency variation circuitry comprises at least one variable 
impedance element. 

46. A method of induction heating as described in claim 44 wherein said step of 
providing resonance frequency variation circuitry comprises the step of 
providing at least one variable impedance element. 
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47. A multizone induction heating system as described in claim 14 wherein said 
unswitched resonant circuitry comprises unswitched resonance frequency 
circuitry which primarily affects one of said zones. 

48. A method of induction heating as described in claim 33 wherein said step of 
supplying power having an output frequency through unswitched resonant 
circuitry comprises the step of supplying power having an output frequency 
through unswitched resonance frequency circuitry which primarily affects one 
of said zones. 



20 




FIG. 2 




FIG. 4 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US98/14125 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(6) :H05B 6744, 6706 

US CL :219/656, 662, 674, 638 
According to International Patent Classification (IPC) or to both national classification and IPC 

R FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 219/656, 655, 662, 671, 666, 674, 672, 635, 638; 148/567, 572; 2667129 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passage* 


Relevant to claim No. 


X 


US 4,755,648 A (SAWA) 05 July 1988, see Figures 1-3 and 6, col. 
1, line 7 - col. 2, line 59 and col. 3, line 15 - col. 4, line 20. 


1-11, 14-17, 20- 
30, 33-36, 47 and 
48 


X 


US 2,669,647 A (SEGSWORTH) 16 February 1954, see Figure 1 
and col. 1, line 1 - col. 2, line 41. 


8-11, 14-17, 27- 
30, 33-36, 47 and 
48 


A 


US 4,093,839 A (MOLITERNO et al) 06 June 1978, see Figures 1 
and 2. 


8, 9, 14, 15, 27, 
28, 33, 34 


A 


US 4,506,131 A (BOEHM et al) 19 March 1985, see Figure 1. 


3, 10, 16, 22, 29, 
35 



| x[ Further documents are listed in the continuation of Box C. f | See patent family annex. 



dooummt defining the general »tsts of th« ait whicb u not considered 
to be of particular relevance 

tent published on or after the tntamatiooal filing date 

I which may throw doubts on priority claun(i) or whicb is 
cited to establish the publication date of another citation or other 
I (as specified) 



referring to an oral disclosure, use, exhibition or other 
document pu b l is h ed prior to the international filing date but later than 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot ba considered to involve an inventive step 
when the document b taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combinstioo 
being obvious to a person skilled in the art 

document member of the • 



Date of the actual completion of the international search 
27 AUGUST 1998 


Date of mailing of the international search report 

OCT 1 3 199B 


Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 
Box PCT 

Washington, D.C 20231 
Facsimile No. (703) 305-3230 


Authorized officer^ j^Cj^J^ 

PHILIP H. I^EUNG 
Telephone No. (703) 308-1710 



Form PCT/ISA/210 (second aheet)(July 1992)* 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US98/14125 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


US 4,788,394 A (VANNESTE et al) 29 November 1988, see 
Figures 1 and 8-11. 





Form PCT/ISA/210 (continuation of second sheet)(July 1992)* 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US98/14125 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This international report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 
1. r™| Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. I - ! Claims Nos.: 

' ' because they relate to parts of the international application that do not comply with the prescribed requirements to such 

an extent that no meaningful international search can be carried out, specifically: 



3. Qc] Claims Noi.: 12, 13, 18, 19, 31, 32 and 37-46 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Boa II Observations where unity of Invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 



1 . | | As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 
\ claims. 

2. | | As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3 . 1 1 As only some of the required additional search fees were timely paid by the applicant, this international search report covers 

only those claims for which fees were paid, specifically claims Nos.: 



4. | | No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restri c ted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest | | The additional search fees were accompanied by the applicant's protest. 

\~~] No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of first shect(l))(July 1992)* 



